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METHOD AND SYSTEM FOR DETECTING
NON-POWERED VIDEO PLAYBACK
DEVICES

BACKGROUND

In video media distribution systems, estimates are often
made of how many viewers have seen a particular program or
were watching a particular channel. The viewership informa-
tion can be used for a variety of purposes, but 1s often used by
networks and other content providers to set rates for show
advertisers. Although viewership estimates are accepted by
the industry, advertisers have always sought improved view-
ership information to facilitate the selection of programs on
which to advertise. Improved information allows advertisers
to ensure that they are paying an accurate amount for the
audience that they are reaching. Improved mformation also
allows advertisers to better target desired audiences that they
are trying to reach.

Conventional methods for estimating viewership informa-
tion include using special recervers that record what programs
and channels a user has seen or by asking a selected set of
viewers 1n representative markets to record their viewing
information using paper or electronic logs. Both methods can
be 1naccurate 1if, for example, the number of viewers that are
sampled 1s too small or 1f the sample set does not accurately
reflect the overall viewership for a wider broadcast region.
Moreover, errors can also creep mnto the records maintained
by viewers, thereby providing erroneous estimates.

An alternative method to estimate viewership 1s to use the
return-path capability of video-content hardware platforms
already existing in many TV households. The return-path 1s
used to measure—passively and invisibly—the viewing
choices and behavior of a large subset of the viewers 1n a
given region. There are, however, many challenges in con-
verting this raw data into useful audience viewership mea-
surements. One of those challenges 1s to estimate when the
return-path device 1s left on when the TV or other video
monitor 1s turned off

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a system for estimating viewership infor-
mation.

FI1G. 2A 1llustrates a representative survival curve that can
be used to predict 1f a television 1s powered on or off.

FI1G. 2B illustrates a number of survival curves constructed
tor different days of the week and time periods in each day.

FIG. 3 1s a flowchart of steps performed by a computing
system to 1dentity reliable set top boxes and to construct one
or more survival curves.

FIG. 4 1s a flowchart of steps performed by a computing
system to construct a number of survival curves.

FIG. 5 illustrates a plot that can be used by a computing
system to construct a survival curve.

FIG. 6 1llustrates how a survival curve can be used to
predict i1 a television 1s powered ofl from tuning events 1n a
tune data file.

FIG. 7 1s a tlowchart of steps performed by a computing
system to estimate viewership information for a program
from tune data associated with a number of set top boxes.

DETAILED DESCRIPTION

A system and method to predict when televisions, video
monitors, or other video playback devices (each of which 1s
referred to herein as a “video playback device™) have been
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powered ofl 1n order to improve the estimation of viewership
of presented content 1s disclosed herein. A content presenter
provides tune data available that indicates each time a user
interacts with the video device (for example, changes a chan-
nel, calls up an interactive program guide etc.) on a video
playback device. Such tune data 1s typically provided by an
internal tuner or an external set top box that1s associated with,
or incorporated in, the video playback device. The tune data 1s
sent back to a central processing and storage location where a
computing system analyzes the tune data to identity video
playback devices associated with set top boxes that are likely
powered off, even though 1t appears from the tune data that the
video playback devices are tuned to a particular channel. The
tune data from set top boxes associated with video playback
devices that are identified as likely being powered off can be
factored out of the viewership analysis. For example, the tune
data from set top boxes associated with video playback
devices that are likely powered off can be 1gnored 1n calcula-
tions of audience viewership.

In some embodiments, the computing system generates
“survival curves” that are utilized to estimate when video
playback devices are likely powered ofl. To generate survival
curves, the computing system 1dentifies a number of reliable
set top boxes from the tune data. From the tune data associ-
ated with the 1dentified reliable set top boxes, survival curves
are computed that indicate a probability versus time that a
video playback device 1s powered off after a tuning event. The
survival curves are used to estimate subsets of tune data from
set top boxes that are associated with video playback devices
that are likely powered ofl.

Various embodiments of the invention will now be
described. The following description provides specific details
for a thorough understanding and an enabling description of
these embodiments. One skilled 1n the art will understand,
however, that the invention may be practiced without many of
these details or with variations which are not specified here
but which follow from the description 1n a way that will be
clear to one skilled 1n the art. Additionally, some well-known
structures or functions may not be shown or described 1n
detail, so as to avoid unnecessarily obscuring the relevant
description of the various embodiments. The terminology
used 1n the description presented below 1s intended to be
interpreted 1n its broadest reasonable manner, even though 1t
1s being used 1n conjunction with a detailed description of
certain specific embodiments of the invention.

As shown 1 FIG. 1, a viewing estimation system 10
includes a computing system 50 that 1s configured to receive
tune data from one or more content presenters 60. In the
embodiment shown, the content presenter 60 1s a cable tele-
vision operator that transmits program signals on a cable 62.
Content presenters include, but are not limited to, satellite
television (“‘digital broadcast satellite™) operators, local or
regional broadcasters, and distributors of content over other
transmission media. A number of subscribers view the pro-
gram signals on televisions, video monitors, or other audio/
video playback devices 64, 70, 74, 78, 82, 86, (each of which
1s stmply referred to herein as a “video playback device”).
Each of the video playback devices 1s associated with a cor-
responding internal tuner or external set top box (STB) 68, 72,
76, 80, 84, 88 etc. that serves as an interface between the
subscriber’s video playback device and the cable 62 or other
transmission means on which the television program or other
audio-video content 1s transmitted.

In some embodiments, the set top boxes 68, 72,76, 80, 84,
88 comprise cable television converters or satellite dish
receivers. However, the set top boxes could also be digital
video recorders (DVR), gaming consoles, or other electronic
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components which allow a user to tune to a desired audio/
video stream. Broadly stated, the phrase “set top box™ 1s used
herein to refer to any device, component, module, or routine
that enables tune data to be collected from an associated video
playback device. Set top boxes may be stand-alone devices or
set top box Tunctionality may be incorporated into the video
playback devices.

The content presenter 60 has the ability to receive signals
indicative of tuning and other events from each of the set top
boxes. The tuming events can represent such things as channel
changes, recording or playing back programs that are trans-
mitted to a settop box, and changes 1n play back, such as when
a subscriber pauses, fast forwards or rewinds a program or
otherwise varies 1ts normal playback. In addition, the tuning
events may indicate when a subscriber requests information
from an interactive television subscription service. The tun-
ing event data 1s collected by the content presenter 60 from
cach of the set top boxes and 1s provided to the computing
system 30 as tune data. Tune data 1s associated with a par-
ticular set top box based on, for example, an 1dentifier 1n the
tune data that identifies the set top box. The tune data can be
transmitted over a computer communication link 30 such as a
wired or wireless communication link, local area network,
wide area network, the Internet, or a telephone link. Alterna-
tively, on a periodic basis, the tune data could be provided to
the computing system 50 on a computer readable media such
as tape drive, DVD, CD-ROM, flash drive, mechanical or
solid state hard drive, etc. While the tune data 1s depicted as
being provided by the content presenter, 1n some embodi-
ments the computing system 50 may receive the tune data
from a data aggregator that interfaces with a number of con-
tent presenters. Moreover, 1n certain circumstances the com-
puting system may receive the tune data directly from the set
top boxes.

The computing system 50 analyzes the tune data to esti-
mate viewership information. Authorized users 20, such as
content producers, distributors, or advertisers, can access the
computing system 50 via the computer communication link
30 or by other means to request reports about the viewership
for a particular channel, program, or timeframe. The comput-
ing system 50 calculates the viewership information and can
store the mnformation 1n a data storage area 52, such as a
database, to use when producing one or more reports that can
be provided to the authorized users 20.

In many instances, a subscriber will leave their set top box
continually powered on but will power oif their video play-
back device when not 1n use. For example, a subscriber may
leave their cable box powered on as a matter of habit even 1f
they turn off their television. As another example, a subscriber
may leave their set top box powered on to record a program
when they are not home or are unable to watch the program in
real time.

A large number of video playback devices do not provide a
signal to the set top box that indicates when the video play-
back device 1s powered ofl. Therelore, for these video play-
back devices, 1t can appear 1n the tune data as if a subscriber
1s actually watching a program or channel but 1n fact the video
playback device associated with a set top box 1s powered off.
I1 the tune data associated with such set top boxes 1s included
in the data analyzed to determine viewership information, the
result would overstate the number of viewers that are esti-
mated to be watching particular programs or channels.

As will be explained in further detail herein, the computing
system 30 operates to 1dentily one or more video playback
devices that are likely to be powered off at any particular time
such that the tune data from the set top boxes associated with
the 1dentified video playback devices can be omitted when
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estimating the viewership information. In some embodi-
ments, the computing system 50 operates to identily one or
more reliable set top boxes in the tune data provided from
cach content presenter. In some embodiments, each reliable
set top box provides a signal to the content presenter that
indicates when a video playback device associated with the
set top box 1s powered off. Such information may be provided
via a High Defimition Multi-Media Interface (HDMI) connec-
tion between the set top box and the video playback device or
by detection of another signal provided by the video playback
device. From the reliable set top boxes i1dentified, a set of
survival curves 1s constructed and stored in a memory 54 of
the computing system 50.

As will be explained 1n further detail herein, the survival
curves estimate the likelihood that a video playback device
remains powered on at any time between two consecutive
tuning events or conversely 1s powered off at any time
between two consecutive tuning events. In some embodi-
ments, different sets of survival curves are constructed for
cach day of the week because the viewership patterns tend to
change depending upon the day of the week and on weekends.
Theretfore, different survival curves can be constructed for
different times of the day, as well as for different days of the
week and if desired, for different seasons or the like. More-
over, different survival curves can be constructed for different
channels (e.g., television network, cable network etc.) or
types of programs (e.g., for sit-corns, news shows, movies,
sporting events etc.). In accordance with one embodiment of
the disclosed technology, the survival curves are used by the
computing system 50 to identily tune data from set top boxes
associated with video playback devices that are likely pow-
ered off.

FIG. 2A 1illustrates a representative survival curve 100
generated for a particular time period such as a four hour and
50 minute time 1nterval between consecutive tunes for that
particular set top box. The survival curve 100 plots the prob-
ability versus time that a video playback device 1s powered off
at any particular time following the first of two consecutive
detected tuning events. In the example shown, the survival
curve 100 1s determined for a time period starting at 11:00
p.m. on Sunday evenings. In the example survival curve
shown, the survival curve predicts 100 that there 1s an 84%
likelihood that a video playback device associated with a set
top box that reports a last tuning event at 11:00 p.m. 1s pow-
ered off within 120 minutes after the tuning event.

As shown 1n FIG. 2B, survival curves 120 can be con-
structed for each day of the week starting at each hour of the
day. The result 1s 168 (7x24) sets of survival curves 120
constructed for each hour of the day and for each day of the
week. In addition, each set of survival curves includes a
number of individual survival curves constructed for different
or varying periods of time (each period of time associated
with corresponding tune-to-tune intervals). In some embodi-
ments, survival curves for time periods of less than 60 min-
utes are not constructed because 1t has been statistically deter-
mined that the difference between the number of video
playback devices that are powered on for a full hour and those
that are powered oif before the end of the hour 1s minimal. In
some embodiments, separate survival curves are constructed
for time 1ntervals of five minute 1ncreases up to a maximum
amount of time. For example, a survival curve 130 1s con-
structed for a time interval of 60 minutes starting at 12 a.m. A
survival curve 132 1s constructed for a time interval of 65
minutes starting at 12 a.m. A survival curve 134 is constructed
for a time 1nterval of 70 minutes starting at 12 a.m., and a
survival curve 140 1s constructed for the maximum time inter-
val starting at 12 a.m. The maximum time interval may be less
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than 24 hours such as 8 hours. Another set of individual
survival curves can be constructed for various time intervals
beginning at 1:00 a.m. and another set i1s constructed for
various time intervals beginning at 2:00 a.m. etc. for each
hour of the day. Although survival curves are graphically
depicted i FIG. 2B, 1t will be appreciated that a survival
curve may be represented or approximated by, for example,
an equation or other mathematical model of the curve or a
close fitting to the curve.

FI1G. 3 illustrates a process that 1s performed by the com-
puting system 50 to generate the survival curves. Beginning at
block 150, the computing system receives tune data from one
or more content presenters or other sources. In some embodi-
ments, tune data may be received for a relatively long period
(¢.g., three months) and include tuning events from millions
ol set top boxes. At block 152, the computing system 50
parses the tune data to identify reliable set top boxes from the
tune data. In some embodiments, the reliable set top boxes are
identified by those set top boxes that report at least one power
off event per day and for which less than 1% of the tune-to-
tune event times are 6 hours or longer. However, 1t will be
appreciated that other criteria could be used to 1dentity reli-
able set top boxes. At block 154, the computing system con-
structs the survival curves from the tuning events 1n the tune
data that are associated with the identified reliable set top
boxes.

FIG. 4 1llustrates a process that 1s performed by the com-
puting system 50 to construct a survival curve 1n accordance
with an embodiment of the disclosed technology. Although
the steps are disclosed 1n a particular order for ease of expla-
nation, 1t will be appreciated that the steps could be performed
in a different order or different steps performed 1n order to
achieve the functionality described. As will be appreciated by
those skilled 1n the art, the computing system 350 1s configured
to execute a sequence of program steps that are stored on a
non-transitory, computer readable media for execution by one
or more processors within the computing system.

As previously shown in FIG. 2B, sets of survival curves for
varying survival time intervals are constructed starting for
example, within each hour and for each day of the week.
Returning to FIG. 4, at block 170 the computing system 50
analyzes the set top box tune data to determine reliable set top
boxes that are associated with a first tuming event occurring
near the beginning of a survival time interval and a second
tuning event occurring near the end of the survival time inter-
val. For example, if a 120 minute survival curve i1s to be
computed for Tuesdays starting at 8:00 p.m., the computing
system 1dentifies reliable set top boxes reporting a first tuning
event within the hour from 8:00 p.m. to 8:59:39 p.m. (the start
of the survival time) and a second tuning event from the same
set top box that occurs, for example, between 120 and 125
minutes later (the end of the survival time). At block 172, the
computing system analyzes the times at which the video
playback devices associated with the identified reliable set
top boxes are powered oif

. In some embodiments, the power
off information 1s included 1n the tuning event reported from
the set top boxes. Such data can be based on HDMI signals
received from the video playback device or other signals that
indicate 11 the video playback device has been powered off.
Which video playback devices are powered off can be con-
tinuously recorded or can be grouped within small time inter-
vals, such as every five minutes. For example, FIG. 5 shows a
graph 190 that plots the number of set top boxes that are
determined to be powered off during each of a number of five
minute intervals beginning at the start time of the survival
time period up to the end time of the survival time period (75
minutes for the example shown). In the example shown, 200
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video playback devices are determined to have been powered
off 1 the first five minutes, 225 video playback devices are
determined to have been powered oif in the next five minutes,
etc.

At block 174, the computing system 50 determines the
percentage ol video playback devices associated with the
identified reliable set top boxes that are powered ofl 1n each
time interval. The results are stored in a memory or on a
computer readable media as the survival curve for the survival
time period 1n question at block 176.

At block 180, the computing system 30 determines 1f all the
survival time periods have been analyzed. If so, processing 1s
complete. If not, the start and end times for the survival time
period are adjusted at block 182 and processing returns to
block 170 to compute another survival curve. The computing
system 50 repeats blocks 170-176 to generate the desired sets
of survival curves. For example, the computing system may
construct survival curves starting at the beginning of each
hour, for each day of the week, for different network and

program types, and for survival intervals that range between 1
and 6 hours 1n increments of 5 minutes.

Once the set of survival curves are constructed from the
tune data associated with the reliable set top boxes, the sur-
vival curves can be used to identity those video playback
devices that do not report a power off event but are statisti-
cally likely to be powered off.

FIG. 6 1llustrates an example where tune data associated
with settop box number 1016278 has tuning events that occur
134 minutes apart. To predict whether a video playback
device associated with the set top box number 1016278 1s
powered on or 1s powered off, the computing system 30
identifies a previously-generated survival curve having a
beginning time closest to the first tuning event for the set top
box 1n question and an end time which 1s closest to the second
tuning event. In the example shown, a survival curve 210
having a 135 minute time 1nterval 1s selected. Once the appro-
priate survival curve has been selected, the computing system
implements a statistical technique to determine where on the
survival curve the video playback device associated with the
set top box number 1016278 1s likely to fall.

In some embodiments of the disclosed technology, the
computing system 50 uses a Monte Carlo technique to guar-
antee that the probability distribution function of adjusted
tune lengths matches the empirical distribution determined
from the reliable set top boxes. The Monte Carlo technique 1s
implemented by selecting a uniformly-distributed random
number between zero and one that represents the probability
that the corresponding video playback device 1s powered off.
In the example shown, the random number generated 1s 0.72
(e.g., a 72% likelihood that the video playback device 1s
powered ofl). Next, the survival curve 210 1s analyzed to
determine what time corresponds to the randomly selected
probability that the video playback device 1s powered off. In
the example shown in FIG. 6, the 72% likelihood that a video
playback device 1s powered ofl corresponds to a time period
of 83 minutes after the first tuning event. Therelore, the tune
data for the video playback device associated with set top box
1016278 can be assumed to be valid for the first 83 minutes
and mvalid for minutes 83-134. When applied to data repre-
senting a large number of set top boxes, the disclosed statis-
tical technique closely approximates actual tune information.
Although the disclosed embodiment uses a Monte Carlo tech-
nique to predict whether a video playback device 1s powered
on or 1s powered oif, 1t will be appreciated that other statistical
techniques could also be used.

FIG. 7 illustrates a process that can be performed by the
computing system 30 in order to analyze received tune data 1n
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order to estimate viewership information. For example, an
authorized user of the computing system 50 may be interested
in estimating the number of viewers who saw an episode of
the show “Modern Family,” which airs on ABC on Wednes-
day nights at 8:00 p.m. Pacific time. To estimate the number
of likely viewers, at a block 250 the computing system 50
receives tune data covering the period of interest from one or
more content presenters (or recalls the tune data from a com-
puter readable media). At a block 252, the computing system
50 searches the tune data to identify those set top boxes that
appear to have been tuned to the channel on which the pro-
gram 1n question was presented. By doing so, the computing
system determines a maximum number of video playback
devices that are potentially tuned to the program of interest.
The maximum number then needs to be reduced by the num-
ber of video playback devices that are predicted to be powered
off during any portion of the relevant period.

At a block 254, the computing system predicts whether
cach of the identified set top boxes associated with a video
playback device was likely powered on or was likely powered
off during the relevant period. In some embodiments, the
computing system estimates 1f the video playback devices
represented 1n the tune data were powered on or were pow-
ered off by identifying tuning events reported by the associ-
ated set top box that include the time during which the show
was broadcast. For example, 1f the show Modern Family 1s
presented on cable channel 40 at 8 p.m. and 1s one hour long,
then the computing system 50 can search the tune data for set
top boxes tuned to channel 40 at some time between 8 and 9
p.m. For each identified set top box, the closest tuning events
are 1dentified that fall before, during, or after the period dur-
ing which the program was presented. In particular, the com-
puting system 50 may search for first tuning events that start
betore the end of the program and second tuning events that
start after the start of the program. For example, a first tuning
event for a set top box may be to tune to channel 40 at 7:50
p.m. and a second tuning event may occur at 9:05. The time
between the tuning events 1s then determined (e.g., 75 min-
utes) and the survival curve that begins nearest the first tuning,
event 1s selected having a survival time length that includes
the second tuning event. In this example, a survival curve
starting at 8 p.m. 1s selected having a length of 75 minutes.
Once the computing system 50 has selected a survival curve,
the computing system uses the selected curve to predict the
time at which the video playback device associated with the
identified set top box 1s likely powered off. Any viewership
determinations made by the computing system 50 can then be
adjusted for the times during which the identified video play-
back devices are predicted to be powered off. At a block 256,
other adjustments may be made to the viewership data before
it 1s presented to an authorized user. For example, the selected
set of data may represent only certain markets or only por-
tions of the markets. In order to present complete viewership
data, the computing system 30 would therefore need to
extrapolate the results for those markets or portions of mar-
kets for which no viewership data 1s available. At a block 258
the computing system presents the resulting viewership infor-
mation to authorized users. The information may be pre-
sented, for example, via an online portal or other user inter-
face, transferred via email or other electronic delivery system
or printed in hard copy.

In some embodiments, tuning events caused by the auto-
matic recording of programs (e.g., programs that are recorded
by virtue of a subscriber’s prior record settings of a DVR) can
be distinguished from tuning events associated with mnstruc-
tions received from a subscriber. In circumstances in which a
program was recorded automatically, the tune data that 1s
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received by the computing device may include an indication
that a show was automatically recorded. The tuning events
associated with these automatic channel changes can there-
fore be factored in when estimating the number of viewers
who watched a show as 1t was aired. In some cases, 1t may be
necessary to revise the viewership numbers downward since
not every person that records a show will ultimately watch the
recording.

Embodiments of the subject matter described 1n this speci-
fication can be implemented as one or more computer pro-
grams, 1.€., one or more modules of computer program
instructions, encoded on computer storage medium for
execution by, or to control the operation of, data processing
apparatus. A computer storage medium can be, or can be
included i1n, a non-transitory computer-readable storage
device, a computer-readable storage substrate, a random or
serial access memory array or device, or a combination of one
or more ol them. Moreover, while a computer storage
medium 1s not a propagated signal, a computer storage
medium can be a source or destination of computer program
instructions encoded 1n an artificially generated propagated
signal. The computer storage medium also can be, or can be
included 1n, one or more separate physical components or
media (e.g., multiple CDs, disks, or other storage devices).
The operations described 1n this specification can be 1mple-
mented as operations performed by a processor on data stored
on one or more computer-readable storage devices or
received from other sources.

A computer program (also known as a program, software,
soltware application, script, or code) can be written 1n any
form of programming language, including compiled or inter-
preted languages, declarative or procedural languages, and 1t
can be deployed 1n any form, including as a stand alone
program or as a module, component, subroutine, object, or
other unit suitable for use 1 a computing environment. A
computer program may, but need not, correspond to afilen a
file system. A program can be stored in a portion of a file that
holds other programs or data (e.g., one or more scripts stored
in a markup language document), in a single file dedicated to
the program 1n question, or in multiple coordinated files (e.g.,
files that store one or more modules, sub programs, or por-
tions of code). A computer program can be deployed to be
executed on one computer or on multiple computers that are
located at one site or distributed across multiple sites and
interconnected by a communication network.

Processors suitable for the execution of a computer pro-
gram 1nclude, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
receive instructions and data from a read only memory or a
random access memory or both. The essential elements of a
computer are a processor for performing actions in accor-
dance with 1nstructions and one or more memory devices for
storing instructions and data. Generally, a computer will also
include, or be operatively coupled to receive data from or
transier data to, or both, one or more mass storage devices for
storing data, e.g., magnetic, magneto optical disks, or optical
disks. However, a computer need not have such devices.
Moreover, a computer can be embedded 1n another device,
¢.g., amobile telephone, a personal digital assistant (PDA), a
mobile audio or video player, a game console, a Global Posi-
tioning System (GPS) receiver, or a portable storage device
(e.g., a umiversal serial bus (USB) flash drive), to name just a
tew. Devices suitable for storing computer program instruc-
tions and data include all forms of non volatile memory,
media and memory devices, including by way of example
semiconductor memory devices, e.g., EPROM, EEPROM,
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and flash memory devices; magnetic disks, e.g., internal hard
disks or removable disks; magneto optical disks; and CD
ROM and DVD-ROM disks. The processor and the memory
can be supplemented by, or incorporated 1n, special purpose
logic circuitry.

To provide for interaction with a user, embodiments of the
subject matter described 1n this specification can be imple-
mented on a computer having a display device, e.g., an LCD
(liguid crystal display), LED (light emitting diode), or OLED
(organic light emitting diode) momitor, for displaying infor-
mation to the user and a keyboard and a pointing device, e.g.,
a mouse or a trackball, by which the user can provide input to
the computer. In some implementations, a touch screen can be
used to display information and to receive input from a user.
Other kinds of devices can be used to provide for interaction
with a user as well; for example, feedback provided to the user
can be any form of sensory feedback, e.g., visual feedback,
auditory feedback, or tactile feedback; and nput from the
user can be recerved 1n any form, including acoustic, speech,
or tactile mput. In addition, a computer can interact with a
user by sending documents to and receiving documents from
a device that 1s used by the user; for example, by sending web
pages to a web browser on a user’s client device 1n response
to requests received from the web browser.

Embodiments of the subject matter described 1n this speci-
fication can be implemented 1n a computing system that
includes a back end component, e¢.g., as a data server, or that
includes a middleware component, e.g., an application server,
or that includes a front end component, ¢.g., a client computer
having a graphical user interface or a Web browser through
which a user can interact with an implementation of the
subject matter described 1n this specification, or any combi-
nation of one or more such back end, middleware, or frontend
components. The components of the system can be 1ntercon-
nected by any form or medium of digital data communication,
¢.g., acommunication network. Examples of communication
networks 1nclude a local area network (“LAN”) and a wide
area network (“WAN”), an mter-network (e.g., the Internet),
and peer-to-peer networks (e.g., ad hoc peer-to-peer net-
works).

The computing system can include any number of clients
and servers. A client and server are generally remote from
cach other and typically interact through a communication
network. The relationship of client and server arises by virtue
of computer programs runnming on the respective computers
and having a client-server relationship to each other. In some
embodiments, a server transmits data (e.g., an HITML page) to
a client device (e.g., for purposes of displaying data to and
receiving user mput from a user interacting with the client
device). Data generated at the client device (e.g., a result of
the user interaction) can be received from the client device at
the server.

From the foregoing, it will be appreciated that specific
embodiments of the invention have been described herein for
purposes ol illustration, but that various modifications may be
made without deviating from the scope of the invention.
Accordingly, the invention 1s not limited except as by the
appended claims.

We claim:

1. A computing system for analyzing video playback
device viewing data, comprising:

a memory for storing programmed 1nstructions;

a processor configured to execute the programmed 1nstruc-

tions to perform operations including:

maintaining multiple survival models, each survival
model associated with a portion of a day, of a plurality
of portions of the day, and comprising a plurality of
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probabilities 1n the open interval between O and 1 that
a video playback device associated with a set top box
1s powered off as a function of time following a tuning
event, each survival model generated from tune data
from a plurality of set top boxes, the tune data asso-
ciated with the corresponding portion of the day;
receiving tune data indicative of content tuned to by a
plurality of set top boxes, the tune data including a
plurality of tuning events, each tuning event including
a time of the tuning event and a corresponding content
identifier that was tuned at the tuning event; and
analyzing the tune data from the plurality of set top
boxes to estimate video viewership, the analysis
including, for each set top box of the plurality of set
top boxes:
selecting a survival model from the multiple survival
models, the selected survival model corresponding
to a same portion of the day as reflected by at least
one of the tuming events from the set top box;
selecting a probability that the video playback device
associated with the set top box was powered off;
determining a time corresponding to the probability
using the selected survival model; and
excluding, from the analysis to estimate video view-
ership, tuning data from the set top box that occurs
after the determined time.

2. The computing system of claim 1, wherein the survival
models are generated by:

analyzing tune data from the plurality of set top boxes to

assess when associated video playback devices are pow-
ered off; and

compiling statistics predicting the length of time before a

video playback device 1s powered ofl after a tuming
event, wherein the statistics are compiled from the ana-
lyzed tune data.

3. The computing system of claim 2, wherein the statistics
regarding a length of time before a video playback device 1s
powered ofl are compiled by detecting power off signals in
the tune data from the plurality of set top boxes.

4. The computing system of claim 2, wherein the statistics
regarding a length of time before a video playback device 1s
powered oll are compiled by:

identifying a number of reliable set top boxes 1n the tune

data; and

detecting power oif signals 1n the tune data from the reli-

able set top boxes.

5. The computing system of claim 2, wherein the statistics
that predict a length of time betfore a video playback device 1s
powered off are compiled by analyzing the tune data for times
between two successive tuning events and a power oil signal
received from a video playback device between those two
successive tuning events.

6. The computing system of claim 5, wherein the statistics
are compiled for different times of a day.

7. The computing system of claim 5, wherein the statistics
are compiled for different days of a week.

8. The computing system of claim 5, wherein the statistics
are compiled for different months of a year.

9. The computing system of claim 5, wherein the statistics
are compiled for types of broadcast programs.

10. The computing system of claim 5, wherein the statistics
are compiled for types of networks.

11. A non-transitory, computer readable media with
instructions stored thereon that are executable by a processor
to perform operations of:

maintaining multiple survival models, each survival model

associated with a portion of a day, of a plurality of
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portions of the day, and comprising a plurality of prob-
abilities 1n the open interval between 0 and 1 that a video
playback device associated with a set top box 1s powered
ol as a function of time following a tuning event, each
survival model generated from tune data from a plurality
of set top boxes, the tune data associated with the corre-
sponding portion of the day;
receiving tune data indicative of content tuned to by a
plurality of set top boxes, the tune data including an
identification of each of the set top boxes of the plurality
of set top boxes and a plurality of tuning events, each
tuning event including a time of the tuning event and a
corresponding content identifier that was tuned at the
tuning event; and
analyzing the tune data from the plurality of set top boxes
to estimate video viewership, the analysis including, for
cach set top box of the plurality of set top boxes:
selecting a survival model from the multiple survival
models, the selected survival model corresponding to
a same portion of the day as reflected by at least one of
the tuming events from the set top box;
selecting a probability that the video playback device
associated with the set top box was powered off;
determining a time corresponding to the probability
using the at least one survival model; and
excluding, from the analysis to estimate video viewer-
ship, tuning data from the set top box that occurs after
the determined time.
12. The non-transitory computer readable media of claim
11, wherein the survival models are generated by:

analyzing tune data from the plurality of set top boxes to
assess when associated video playback devices are pow-
ered off; and

compiling statistics predicting the length of time before a

video playback device 1s powered off after a tuming
event, wherein the statistics are compiled from the ana-
lyzed tune data.

13. The non-transitory computer readable media of claim
12, wherein compiling statistics predicting a length of time
before a video playback device 1s powered off after a tuning,
event includes the operation of detecting power off signals 1n
the tune data.

14. The non-transitory computer readable media of claim
12, wherein compiling statistics predicting a length of time
betfore a video playback device 1s powered off after a tunming
event includes the operations of:

identifying a number of reliable set top boxes in the tune

data; and

detecting power off signals in the tune data from the reli-

able set top boxes.

15. A computer-implemented method of analyzing tune
data, comprising;:

maintaining multiple survival models, each survival model

associated with a portion of a day, of a plurality of
portions of the day, and comprising a plurality of prob-
abilities 1n the open interval between 0 and 1 that a video
playback device associated with a set top box 1s powered
ol as a function of time following a tuning event, each
survival model generated from tune data from a plurality
of set top boxes, the tune data associated with the corre-
sponding portion of the day;

receiving with the computer, tune data from a plurality of

set top boxes, the tune data including a plurality of
tuning events, each tuning event including a time of the
tuning event and a corresponding content identifier that
was tuned at the tuning event; and
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analyzing, with the computer, the tune data from the plu-

rality of set top boxes to estimate video viewership, the

analysis including, for each set top box of the plurality of

set top boxes:

selecting a survival model from the multiple survival
models, the selected survival model corresponding to
a same portion of the day as reflected by at least one of
the tuning events from the set top box;

selecting a probability that the video playback device
associated with the set top box was powered off;

determining a time corresponding to the probability
using the at least one survival model; and

excluding from at least a portion of an analysis the
tuning data from the set top box that occurs after the
determined time.

16. The computer-implemented method of claim 185,
wherein the multiple survival models are generated by:

constructing, with the computer, survival curves that indi-

cate a likelihood that a video playback device 1s powered
off within a time interval after a tuning event, wherein
the survival curves are constructed from set top boxes
that report a power ofl event 1n the tune data; and
using the survival curves to identily, with the computer,
one or more set top boxes that do not report power off
events 1n the tune data and that are associated with video
playback devices that are likely powered off.

17. The computer-implemented method of claim 16,
wherein the survival curves are constructed by the computer
for different hours of the day.

18. The computer-implemented method of claim 16,
wherein the survival curves are constructed by a computer for
different days of the week or months of the year.

19. The computer-implemented method of claim 16,
wherein the survival curves are constructed by a computer for
different types of broadcast programs.

20. The computer-implemented method of claim 16,
wherein the survival curves are constructed by a computer for
different types of networks.

21. The computer-implemented method of claim 16,
wherein a computer adjusts viewership estimates for the tune
data from set top boxes associated with video playback
devices that are 1dentified as likely being powered off.

22. The computing system of claim 1, wherein selecting a
survival model from the multiple survival models, the
selected survival model corresponding to a same portion of
the day as reflected by at least one of the tuning events from
the set top box comprises determining that a beginning time
of the at least one survival model is closer to the first tuning
event of the tuning events than beginning times of the other
multiple survival models.

23. The non-transitory, computer readable media of claim
11, wherein selecting a survival model from the multiple
survival models, the selected survival model corresponding to
a same portion of the day as reflected by at least one of the
tuning events from the set top box comprises determining that
a beginning time of the at least one survival model 1s closer to
the first tuning event of the tuning events than beginning times
of the other multiple survival models.

24. The computer-implemented method of claim 15,
wherein selecting a survival model from the multiple survival
models, the selected survival model corresponding to a same
portion of the day as retlected by at least one of the tuning
events from the set top box comprises determining that a
beginning time of the at least one survival model is closer to
the first tuning event of the tuning events than beginning times
of the other multiple survival models.
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25. The computing system of claim 1, wherein selecting a
probability comprises a portion of a Monte Carlo technique to
guarantee that a probability distribution function of adjusted
tune lengths matches an empirical distribution determined
from reliable set top boxes.

26. The non-transitory, computer readable media of claim
11, wherein selecting a probability comprises a portion of a
Monte Carlo technique to guarantee that a probability distri-
bution function of adjusted tune lengths matches an empirical
distribution determined from reliable set top boxes.

27. The computer-implemented method of claim 185,
wherein selecting a probability comprises a portion of a
Monte Carlo technique to guarantee that a probability distri-
bution function of adjusted tune lengths matches an empirical
distribution determined from reliable set top boxes.
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